he progressive aortic regurgitation (AR) that is associated with right coronary cusp prolapse occasionally necessitates valve replacement in patients with a ventricular septal defect (VSD) of either the outlet or perimembranous type. [1] [2] [3] [4] [5] [6] In both types of VSD, AR generally deteriorates slowly or remains mild for a long time following recognition of aortic cusp prolapse. However, in a few patients, the AR progresses quickly to a severity that requires repair or replacement of the valve, [7] [8] [9] but often it is difficult to predict in which patients the AR will progress and how rapid that progression will be.
In patients with right coronary cusp prolapse complicating a VSD, the regurgitant jet commonly originates from the center of coaptation and is directed towards the anterior leaflet of the mitral valve. 10 However, it occasionally originates at the commissure between the right and either the left or the non-coronary cusp, and is directed towards either the anterior mitral leaflet, the interventricular septum, or directly into the right ventricle. In the present study, we retrospectively analyzed the clinical significance of eccentric AR complicating right coronary cusp prolapse in patients with a VSD, on the assumption that it might be a malignant form of AR.
Methods
We reviewed the medical records and Doppler echocardiograms of 129 patients with AR complicating right coronary cusp prolapse and associated with a VSD who were seen at the National Cardiovascular Center from January 1990 through April 2002. Of these, 102 were classified into a mild AR group and 27 patients with more severe AR were designated the moderate AR group, according to the grade of AR at the last examination. Right coronary cusp prolapse was diagnosed when there was a distinct projection of the right coronary cusp from the natural curve of the sinus of Valsalva.
Doppler echocardiography was performed with either a Toshiba SSH 65A, 160A, 270A HG, 380A (Toshiba, Tokyo, Japan), or an Aloka 870A (Aloka, Tokyo, Japan). An outlet VSD was diagnosed when there was a defect or a narrow jet across the outlet septum in the right ventricular outflow view, and a perimembranous VSD was defined as a jet across the perimembranous septum in a similar view. Outlet VSD were subdivided as either doubly committed subarterial (ie, a defect directly beneath the aortic valve on the left ventricular side of the septum and opening in the infundibulum on the right ventricular side below the pulmonary valve without any muscular structure between the pulmonary valve and the defect) or a muscular outlet, being defects still in the infundibulum, though having a muscular rim between the defect and the free edge of the aortic and pulmonary valve, consequently surrounded by muscular tissue but in contact with the aortic valve. AR that had a jet originating from the center of the valve coaptation was classified as central AR (Fig 1,Left) , and eccentric AR was defined as when the jet distributed at the commissure between the right and either the left or the non-coronary cusp. When the jet originated from the commissure between the right and the non coronary cusp, this AR was termed as eccentric right (Fig 1,Right) , and a jet from the commissure between the right and the left coronary cusp was designated as eccentric left. Severity was graded according to the level to which the narrow jet reached: trivial, for just beneath the aortic valve; mild, if it was confined to the left ventricular outflow tract; moderate, if the jet reached the midportion of the left ventricle; and severe, if it reached the left ventricular apex. We defined 'mild AR' to include trivial and mild AR, whereas 'moderate AR' included moderate and severe AR. All data are expressed as mean ± SD. Statistical comparisons were done with an unpaired t-test, or chi square test. The development of moderate AR with time in patients whose AR had been mild at the first examination was analyzed by Kaplan-Meier actual survival analysis, and comparisons between patient groups were performed using a log-rank test. A p value less than 0.05 was considered statistically significant. All statistical analyses were performed using StatView 5.0 software (SAS Institute, Cary, NC, USA).
Results
Patients in the moderate AR group were significantly older for their age at both the initial and the last examination, and the age when AR was first detected. The follow-up interval of AR was comparable in the 2 groups (Table 1) .
Although there were significantly more patients with moderate AR or eccentric AR in the age group ≥31 years than in any other age group, a considerable number of patients aged 0-10 years had moderate or eccentric AR (p<0.01, Table 2 ). All patients with moderate AR in the age group of ≥31 years already had moderate AR at the first examination. In the moderate AR group, eccentric AR was more frequent than in the mild AR group (p<0.01, Table 2 ). More patients with a subarterial VSD had moderate and eccentric AR than did those with a muscular outlet or a perimembranous VSD (p<0.05, Table 3 ). There was no significant relation between the location of the defect and the direction of the AR jet, though in patients with a perimembranous VSD all eccentric AR was eccentric right (Table 4 ). The defect diameter exceeded 10 mm in all patients with a subarterial or a muscular outlet VSD and eccentric AR, except for 1 patient with a muscular outlet defect of which the original diameter could not be measured.
In the mild AR group, neither the 98 patients with central AR nor the 4 with eccentric AR deteriorated during follow-up. In 15 patients (subarterial, 12; perimembranous, 2; muscular outlet, 1) of the moderate AR group, AR was already moderate at the initial examination and of these, the AR was eccentric in 14 and central in 1. Although the defect diameter exceeded 10 mm in all patients, 14 patients had been followed at another hospital. In 1 patient with a perimembranous VSD aged 18-months, the AR was already eccentric right and moderate associated with right-and non-coronary cusp prolapse when we first detected AR on routine 3 monthly examination. Surgery was carried out in 12 patients, and 8 eventually required valve replacement.
Three patients were treated conservatively because of mild symptoms and old age. In 12 patients who initially had mild AR, it became moderate during the median follow-up period of 7 years. In 7 patients with mild central AR, 6 worsened to central moderate AR and 1 patient who had a large subarterial VSD, complicating the right part of the right coronary cusp prolapse adjacent to the non-coronary cusp, deteriorated to eccentric right moderate AR. Eccentric mild AR patients all progressed to eccentric moderate AR. Consequently, including the mild AR group, we confirmed that 5 of 9 patients with eccentric AR progressed from mild to moderate, compared with only 7 of 105 patients with central AR (Fig 2, p<0.01) . Freedom from progression of AR was significantly shorter in the patients with eccentric AR than in those with central AR (Fig 3,  p<0 .01). Aortic valvuloplasty was required in all patients with eccentric AR who underwent surgery, whereas simple patch closure of the VSD was carried out in half of the patients with central AR (Fig 2) .
Discussion
Several authorities recommend early surgery for a subarterial VSD to prevent progressive AR. [1] [2] [3] [4] [5] [6] 11 Lun et al recommended that subarterial VSD of ≥5 mm should be closed as early as possible to prevent development of aortic cusp prolapse and any AR. 12 However, in some patients with a subarterial VSD, AR may progress only slowly or remain mild for long periods after the aortic cusp first prolapses. Furthermore, VSD closure does not always prevent the onset or progression of silent AR associated with a VSD with aortic cusp prolapse. 7, 8 We have also reported the spontaneous closure of VSD in the outlet position without progressive deformity of the right coronary cusp and AR, even after complication by right coronary cusp prolapse. 13 Consequently we do not believe that all patients with a VSD and aortic cusp prolapse require surgery. Admittedly, in a small number of patients, AR progresses quickly, and in a considerable number of patients, it eventually worsens to become moderate or severe at which time valvuloplasty or valve replacement is indicated. Such cases of malignant AR definitely need early surgery. In the present study, we evaluated the evolution of eccentric AR with the hypothesis that it might be a risk factor for malignant AR. As there should be a common pathogenesis in aortic cusp prolapse and AR for both a perimembranous and a muscular outlet VSD, we studied all types of VSD complicated by right coronary cusp prolapse.
In VSD patients with right coronary cusp prolapse, the AR jet commonly originates from the center of coaptation and is directed towards the anterior mitral leaflet. 10 However, as reported here, the jet originates from an eccentric position in a small number of patients. Eccentric and moderate AR was most common in the age group ≥31 years and, although statistically not significant, the 0-10 years was another age group that frequently had an eccentric jet with moderate AR. Among 20 patients with eccentric and moderate AR, 14 already had moderate AR when first examined. Furthermore, 1 patient who initially had mild central AR progressed to moderate and eccentric right AR associated with right coronary cusp prolapse extending to the adjacent non coronary cusp. Two possible explanations for this exist. One is that eccentric AR may progress rapidly, and the other is that it may be an advanced finding of central AR associated with right coronary cusp prolapse. In the moderate AR group, 5 patients with eccentric and 7 with central AR showed mild AR at the first examination. These patients definitely had progressive AR. All patients with initially mild eccentric AR deteriorated to moderate AR, whereas only 1 patient progressed from mild central AR at the initial examination to eccentric moderate AR. Furthermore, all patients with eccentric AR of moderate degree required aortic valvuloplasty and 8 of 20 such patients eventually underwent valve replacement. Consequently we believe eccentric AR is highly likely to progress and is malignant.
The location of the defect should be an important factor determining the displacement of the AR jet, but we did not find any significant relationship between the defect location and type of AR. However, eccentric right AR with a perimembranous defect, and eccentric left AR with a subarterial or muscular outlet defect might be explained by a close relationship between the defect and each commissure, which should cause the downward displacement of the right part of the right coronary cusp in a perimembranous defect, consequently adjacent to the non-coronary cusp, and in a subarterial or muscular outlet defect, there would be displacement of the left part, adjacent to the left coronary cusp. Considering the large defect diameter (≥10 mm) in patients with a muscular outlet or a subarterial defect complicated with eccentric and right AR, we speculate that extension towards the perimembranous portion might cause prolapse of a wide area of the right coronary cusp more anteriorly. Consequently, prolapse of the right part of the right coronary cusp, adjacent to the non-coronary cusp, rather than of the left part, might cause eccentric and right AR.
Study Limitations
The retrospective nature of this study is a drawback. The severity of AR can be evaluated by Doppler echocardiography, 14-16 but we used a simple classical method, 17 which was the only way we could analyze all the video data. As an eccentric jet is not as frequent in AR associated with right coronary cusp prolapse, the statistical analysis had a limited degree of confidence. Consequently, we were unable to clarify the precise mechanism of eccentric AR.
